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Abstract 
This article sifts through the correlation between Research and Development (R&D) expenditures, and economic growth at the 
national level in Turkey. All the while, not only theoretical, but also empirical literature has drastically insisted on that the item 
of investments in R&D is an indispensable component of economic growth. The relationship between R&D expenditures and 
economic performance has attracted a great deal of attention in the academic field for quite some time. In addition to that, the 
subject has been long emphasised by governments and private enterprises. Most of the contemporary economists have attributed 
the sustained growth in developed nations to their intensive R&D activities. As a developing country, Turkey is the 17th largest 
economy, according to the World Bank’s GDP ranking. In the light of Turkey’s 2023 Goals, the country aims to be ranked 
among the top ten economies of world. Thereby, the discussion of the relationship between economic growth and R&D 
expenditures has an exceptional urgency for Turkey’s ambitious economic targets. In this study, the relationship between R&D 
expenditures and economic growth was circumstantially scrutinized in Turkey for the period of 1990 to 2013. To that end, unit 
root tests, co-integration test and, the Granger’s causality test were used. As a result of the analysis, it is found that the series 
inspected are stationary in first-order and have no co-integration relationship between them. According to the Granger’s causality 
analysis applied, it is also uncovered that there is no causality relationship between the series examined. 
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1. Introduction 
The production function shows the maximum output level to be achieved through particular amounts of input and 
available technical know-how. Achieving a higher level of output is merely dependent on either a quantitative 
increase in production factors (land, labour, capital, raw materials) or the future developments in available technical 
know-how capacity. New developments in technical know-how capacity can only be maintained by inventions and 
innovations which mean exploration of new knowledge and application of this new knowledge to the present 
production techniques. During the creation process of inventions, new knowledge, and innovations, the most 
important factor is research and development activities (Begg, Fischer, and Dornbusch, 1994: 536-538). Therefore, 
the countries aiming to improve the performance of economic growth should put gigantic emphasis on R&D 
expenditures. 
 
The R&D expenditures may be considered as an investment in new technologies, and knowledge base, which can 
be then transformed into more efficient production methods for available resources. Should the higher level of R&D 
expenditures succeed, the higher level of growth rates might be expected. Because of the spill over effects, the 
potential benefits of new ideas may not exactly pay back to the people who actually innovate them, and this situation 
points to the fact that private sector will be socially less likely to conduct R&D activities on optimum level, 
providing that no political intervention is available. In order to encourage the R&D activities of private sector, this 
circumstance may legitimate some pubic interventions such as indirect measures like tax incentives and protection of 
intellectual property rights, as well as providing direct support such as supply and finance conveniences (OECD, 
2004: 31). 
 
Starting from late 1980s, the views of economists about how to evaluate the technological innovations have 
showed a structural change. Particularly, Paul Romer, influenced by Schumpeterian tradition, has pointed out the 
technical innovations as the eventual source of growth in the framework of market optimization. However, Romer 
has also stated that the technological innovations are actually the result of conscious activities of entrepreneurs who 
seek profit – so there must be adequate signals and incentives for entrepreneurs in the market in order to make them 
embark R&D activities (Yeldan, 2010: 221). Consequently, the Romer’s model argues that the entrepreneurs who 
seek profit in their own inventions have been interiorizing technological progress by running after new ideas (Jones, 
2007:91).  
 
There are three main studies about the endogenous growth literature based on R&D, which claims that the basic 
driver of economic growth is R&D activities. These studies offer three imposing models developed by Romer 
(1990), Grossman and Helpman (1991), and Aghion and Howitt (1992) in turn. The common idea of these three 
models is the counterfactual prediction of the effects of scale. The common prediction claims that any rise in the 
level of resources allocated to R&D should inevitably increase the economic growth rate (Genç and Atasoy, 2010: 
28). 
 
In brief, R&D activities are generally accepted as the underlying driving force of economic growth in the 
endogenous growth models, which are based on R&D, and showed up since 1990s; thus, penetrating into the 
endogenous growth models, the R&D expenditures have gained a new dimension of which private sector and public 
sector have attached a great importance particularly during the recent decades. 
 
The aim of this study is to empirically analyse the relationship between R&D expenditures and economic growth, 
which is argued by endogenous economic growth theories, on the basis of Turkish economy. In the study, 
Johansen’s co-integration technique and Granger’s causality test will be applied by considering the data about 
Turkey between 1990 and 2013. In the literature review section of this study, the researches and findings about the 
impacts of R&D expenditures on economic growth will be scrutinized, and then the results will be presented and 
evaluated in the empirical findings section, which will offer information about the data set and methodology 
deployed in the empirical part of this study. In the last but not least, conclusion section of this study, a profound 
assessment of the related subject will be tendered. 
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2. Literature Review 
The concept of economic growth has been coming in first among the subjects researched in macroeconomic scale 
since 18th Century. In company with developing literature, it is clearly observed that the relationship of economic 
growth between many factors such as mainly population and capital has been theoretically and empirically analysed. 
Likewise, along with the importance of technology given to economic growth by particularly the endogenous 
Growth Theories since early 1990s, the weight of relationship between economic growth, and research and 
development activities is also underlined. However, it is witnessed that the studies trying to uncover the relationship 
between these two phenomena are on the rise particularly since 2000s. In this part of the article, carefully selected 
researches will be referred. 
 
According to the findings of Sylwestern’s study, which analyses the relationship between economic growth and 
R&D in OECD countries, it is not likely to reach a conclusion proving that there is a relationship between R&D 
expenditures and economic growth. On the other hand, it is seen that there is a positive relation between economic 
growth and the investments in industrial sectors in case of G-7 countries. However, the difference in question is 
explicated by the higher impact of technology on the growth rates of G-7 countries (Sylwester, 2001: 82). 
 
Another relevant research about the subject is conducted with US data for the period of 1953 to 2000. In this 
study, R&D expenditures are handled in three different categories such as government, non-government, and 
defence outgoings, and its relations with economic growth are separately analysed in econometric base. In the 
aforesaid research, the data are subjected to relatively new-bounds testing and ARDL test. According to the findings 
of this study, there is observed a sharp fall in governmental R&D expenditures during the period analysed. Similarly, 
the R&D expenditures of government in defence industry also show a dramatic decrease. However, it is remarkable 
to see a notable rise in R&D expenditures of non-governmental corporations. On the contrary of discrepancy 
observed in the data set, the impact of expenditures deployed by governmental organizations in R&D activities on 
economic growth is higher than the expenditures deployed by non-governmental corporations. R&D expenditures in 
defence industry have the strongest relationship with economic growth. When the relationship between aggregate 
R&D expenditures and economic growth is analysed, it is possible to say that the relationship is directly away (Goel, 
Payne, and Ram, 2008). 
 
In another study, based on large and medium sized industrial businesses in China, the relationship between R&D 
expenditures and Total Factor Productivity (TFP) which is one of the pedestal sources of economic growth is 
reviewed. In the study taking into account the data belonging to the period of 2000 to 2007, it is discovered that 
R&D expenditures help to increase Total Factor Productivity (Zhou and Xia, 2010). 
 
In another research conducted for OECD countries with higher income levels, the relationship among R&D 
expenditures, innovation, and economic growth is scrutinized by performing a panel causality analysis. According to 
the findings of this research, there is a significant and positive relationship between R&D and innovation, R&D and 
economic growth, and economic growth and innovation (Gülo÷lu anda Tekin, 2012). 
 
In a survey about Central and Eastern European Countries, the relationship between the R&D expenditures of 
both public and private sector, and economic growth is analysed by applying a dynamic panel method. According to 
the results, a 1% increase in the R&D expenditures of private sector causes roughly a 0.2% rise in economic growth. 
In addition to this, it is concluded that the relationship between the R&D expenditures of public sector and economic 
growth is not significant (Silaghi, et. al). 
 
In another study covering the developing countries, totally 66 countries are inspected based on the indicators 
belonging to the period of 2000 to 2009, and those countries are divided into two groups, as the economies with 
higher level of income, and the countries with mid- and lower-income levels. In the survey, it is seen that the R&D 
expenditures have a significant impact on economic growth in developing countries, and there is a positive effect of 
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R&D expenditures on economic growth in the countries with higher- and medium-income levels, while there is no 
significant relationship between the two variables in the countries with lower- and medium-income levels (Inekwe, 
2014). 
 
In a research related with selected OECD countries, annual data corresponding to various periods are used when 
the causality relationship between R&D expenditures and economic growth is surveyed. According to the findings of 
this study, there exists a long-term causality relationship in US, while the direction of this relationship is from 
growth to R&D. And, also in Italy, the direction of long-term causality relationship is from growth to R&D. 
However, in short-term, there is an exactly opposite causality relationship. For instance, Denmark has a long-run 
causality relationship oriented from growth to R&D, while it is not observed any causality relationship in short-term. 
In addition to this, it is found that there is a bidirectional causality relationship in long-term in Japan, while there is 
no short-term relationship. But in France, it is concluded that there is a relationship both in long-term and short-term. 
The causality relationship is towards R&D from economic growth in both periods. It is seen that there is a causality 
relationship from R&D to growth in Germany, and a causality relationship from growth to R&D in Canada 
(Tiryakio÷lu, 2006: 91). 
 
In a related study on Turkey, the chemical companies listed in Borsa østanbul (BIST) are analysed, and the data 
related with various topics such as R&D expenditures, number of employees working in R&D department, number 
of patents as an indicator of innovation, and economic growth rates are plumbed by a panel regression model for the 
period of 1998 to 2000. There is observed a positive and significant relationship between R&D expenditures and 
number of employees working in R&D department and economic growth, while a significant but negative 
correlation between the number of patents and economic growth. The negative correlation between those two 
variables is particularly attributed to the high cost of patenting process, and it is expressed that the relation will likely 
change in a positive direction in the long-term (Bayarçelik and Taúel, 2012). 
 
In another study, for each of the 34 countries analysed, the relationships between R&D and growth are subjected 
to a panel data causality test for the period of 1997 to 2008. According to the findings of causality test applied to the 
group of 34 countries, it is found that the R&D expenditures veritably induce economic growth (Genç and Atasoy, 
2010). 
 
In another related work, the data about 21 OECD countries are used, and the long-term relationship between 
R&D expenditures and economic growth is analysed for the period of 1990 to 2010. To that end, Pedroni and Kao 
co-integration tests, Pedroni DOLS and FMOLS tests, and Canning and Pedroni panel causality analyses are applied. 
According to the findings of this study, it is found that 1% rise in R&D expenditures causes approximately 0.77% 
rise in economic growth in the long-term throughout the 21 OECD countries. According to Lamda-Pearson statistic 
of the causality analyses conducted, it is seen that there is a bidirectional causality relationship between panel 
causality results, R&D expenditures, and economic growth in the long-term throughout the panel, while the average 
statistical values of the group shows a unidirectional causality relationship oriented from economic growth to R&D 
expenditures in the long-term. As a result, it is stated that there is a mutually significant relationship between R&D 
expenditures and economic growth variables (Gülmez ve YardÕmcÕo÷lu, 2012). 
 
In another related study, the data about 15 selected OECD countries for the period of 1990-2011 are analysed, and 
the relationship between R&D expenditures and economic growth is subjected to a test by a panel data model. 
According to the findings of this research, in the 7 OECD countries comprised of Canada, Finland, France, Italy, 
Portugal, Turkey, and USA, it is found that R&D expenditures positively influence economic growth. However, it is 
also stated that any increase in R&D expenditures unexpectedly influence economic growth in negative direction in 
Germany, Netherland, Spain, and England. But, the results extracted from the panel covering all of the countries 
reflect that R&D expenditures cause the real income per capita to rise (Özcan, ArÕ, 2014). 
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3. Methodology 
3.1. Research Goal 
In today’s tough competitive climate of globalization, the countries are increasingly turning their face to R&D 
activities in order to preserve and reinforce their competitive edges throughout the globe. Because, there is no doubt 
that any increase in R&D activities causes a notable rise in productivity. When considered from this point of view, it 
is explicitly deemed that the developments experienced in the field of R&D are one of the underlying components of 
economic growth. Keeping in mind that information in question, the relationship between R&D expenditures, and 
economic growth is scrutinized in Turkey for the period of 1990 to 2013. 
 
3.2. Data Collection 
In this study, the R&D expenditures and the variables about Gross Domestic Product (GDP), which represents 
the economic growth, are meticulously included in the analysis. The data used in this research about the R&D 
variable are acquired from the database of Turkish Statistical Institute (TÜøK). The R&D series in TÜøK’s database 
are first re-calculated in current prices, and then normalized by a deflator. The Real GDP series are extracted from 
the database of World Bank. The analyses are conducted by taking the logarithms of the given series. The 
logarithmic series are shown as LARGE and LGSYH. The data set used in this research is comprised of annual 
observations, and belongs to the period of 1990 to 2013. 
3.3. Analyses and Results 
In this research in which the relationship between R&D expenditures and economic growth is scrutinized, first of 
all the stationary of series included in the analyses is tested. In the process, ADF unit root test is employed. The 
basic hypothesis of the test in question points out the existence of unit root in the series. 
 
Table 1. ADF Unit Root Test Result 
Series ADF Test Statistic 
LARGE -2.537 
DLARGE -6.233 
LGSYH -2.720 
DLGSYH -5.096 
Note: For LARGE and LGSYH series, the critical value of ADF unit root test MacKinnon (1996) is 3.622 at the significance level of 5%. For 
DLARGE and DLGSYH series, the critical value of ADF unit root test MacKinnon (1996) is 3.004 at the significance level of 5%. The symbol D 
shows that the first derivative of related series is taken. 
 
When the Table 1 is examined, it is comprehended that LARGE and LGSYH series are non-stationary at 
their level values. The results calculated by using non-stationary time series show a spurious regression (Granger 
and Newbold, 1974). Consequently, the Johansen co-integration test is applied in order to analyse the long-term 
relationship between the series observed as stationary in first difference according to ADF unit root test. The system 
of equations in which the series that are found stationary at the same order in Johansen (1988) co-integration test are 
included is based on Vector Auto-Regressive (VAR) model. In that test in question, the trace and maximum 
eigenvalue statistics are used in order to test the existence of a co-integration relationship between the series 
examined. The null hypothesis of the Johansen co-integration test shows that there is no co-integration relationship. 
 
First of all, the appropriate lagged values must be calculated in order to examine the long-term relationship 
between LARGE and LGSYH series via the Johansen co-integration test. To that end, the appropriate lagged length 
is calculated as 1 by considering the Akaike (AIC) and Schwarz (SC) information criterions. When the Table 2 is 
analysed, the null hypothesis could not be rejected at the significance level of 5%, as a result of the calculated trace 
and maximum eigenvalue statistics. Consequently, it is found that there is no co-integration relationship between 
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LARGE and LGSYH series. 
 
Table 2. Johansen Cointegration Test Result 
Basic 
 Hypothesis Alternative Hyphotesis 
Calculated  
Statistics 
Critical Value for 5% p-value 
 
11.7287 15.4947 0.1704 
 
0.0074 3.8414 0.9310 
Basic 
 Hypothesis Alternative Hyphotesis 
Calculated  
Statistics 
Critical Value for 5% p-value 
 
11.7213 14.2646 0.1216 
 
0.0074 3.8414 0.9310 
 
A causality test is applied in order to determine the direction of cause and effect relationship between the series 
examined in the research. To that end, based on VAR model, Granger causality test is applied by using stationary 
DLARGE and DLGSYH series. As already seen in the Table 3, it is found that there is no causality relationship 
between LARGE and LGSYH series. 
 
Table 3. Granger Causality Test Results 
Direction of Relationship Lagged Values p-value 
LARGE ÆLGSYH 1 0.3231 
LGSYH Æ LARGE 1 0.9411 
 
As a result of findings achieved in the study, it is concluded that there is no long-term relationship and also there 
is no causality relationship between real R&D expenditures and economic growth series.  
 
4. Conclusion 
In the study, which elaborately probes the relationship between R&D expenditures and economic growth, the 
Johansen Co-integration Test and the Granger Causality Test are applied by using the data covering the period of 
1990 to 2013 in Turkey. As a result of the tests conducted, it is concluded that there is no long-term relationship 
between real R&D expenditures and economic growth series. However, it is also found that there is no causality 
relationship between those two variables in consequence of Granger Causality Test applied. 
 
On the contrary of the related universal literature, it is concluded that there is no relationship between R&D 
expenditures and economic growth as a result of the empirical tests applied. This circumstance can be elucidated by 
the fact that Turkey is a developing country, and the investment volumes allocated to R&D expenditures show 
considerable increases in recent decades. Thus, the R&D activities need a long-term technical endeavour, and the 
benefits of those expenditures deployed in this area can be seen in the economy in a period of next 20 or 35 years. 
The divergent findings about OECD and G7 countries of the first research mentioned in literature review section 
also reflect similar results with that of the findings of study conducted for Turkey. Despite the importance of 
invaluable contribution of R&D expenditures to the national economy, the items in which those expenditures are 
spent also become more of an issue. Thereby, it is anticipated to be more beneficial in terms of both technical 
progress and good of the national economy, if Turkish policy makers seize on the circumstance with a long-term 
view when they are implementing the investments in R&D activities, and consider the quality criterion as well as the 
quantity component when creating an appropriate strategy. 
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